In a subdlone derived from mouse L(tk-) cells, we found a plasmid present in a high copy number (>5000 copies per cell) that was stably maintained extrachromosomally without any cytopathic effect to the host cells. This plasmid, termed L factor, has two forms: 5.3 and 5.5 kilobase pairs. DNA sequencing and restriction enzyme mapping showed that, although the structure contains DNA sequences common to polyoma virus, plasmid sequences belonging to the regulatory region (the enhancer region) and other regions are quite different from those in polyoma. In cells bearing the plasmid, we detected a low level of material that cross-reacts with antibody to polyoma tumor antigens, suggesting that the plasmids replicate and are maintained in the cells by a mechanism different from that functioning during propagation following infection of papovaviruses. Southern and RNA Gel Blot Hybridization. DNAs were electrophoresed on either 0.8% agarose gel in 40 mM Tris HCl/5 mM sodium acetate/1 mM EDTA, pH 7.8, or on 3.5% or 12% polyacrylamide gels in 89 mM Tris/89 mM boric acid/2.5 mM EDTA, pH 8.2. For Southern blot hybridization, the DNAs were denatured after electrophoresis, transferred to a nylon membrane (Biodyne A), baked (80°C for 2 hr), and hybridized to appropriate probes labeled with [a-32P]dCTP by nick-translation. For RNA gel blot hybridization, poly(A)-containing RNA was prepared as described (9), electrophoresed in 0.8% agarose in 63% (vol/vol) formaldehyde, and, after blotting, the membrane was hybridized to nick-translated probes in 6x SSC containing 5x Denhardt's solution, 0.1% NaDodSO4, and yeast tRNA at 10 ,ug/ml. (1 x SSC = 0.15 M NaCl, 0.015 M sodium citrate, pH 7.0.) RESULTS Presence of High Copy Number Plasmids. While screening a variety of cultured mammalian cells in search of naturally occurring plasmids, we found that the Hirt supernatant (28) from a subclone (B822) of mouse L cells contains small molecular weight DNA, in a covalently closed circular form and in an open circular form. These DNA were easily detected following electrophoresis in agarose gels by ethidium bromide staining (Fig. LA) . The molecular size of the DNA was =5300 bp. No concatomers were detected. By comparing the intensities of the DNA bands with those of the similarly sized simian virus 40 DNA in a titrating gel, we estimated the average copy number of total extrachromosomal, circular DNA per cell to be at least 5000 copies, considerably higher than that ofany ofthe known mammalian plasmids.
polyoma virus, plasmid sequences belonging to the regulatory region (the enhancer region) and other regions are quite different from those in polyoma. In cells bearing the plasmid, we detected a low level of material that cross-reacts with antibody to polyoma tumor antigens, suggesting that the plasmids replicate and are maintained in the cells by a mechanism different from that functioning during propagation following infection of papovaviruses.
Several viruses are known to replicate extrachromosomally and exist as plasmids in mammalian cells. Bovine papilloma virus is generally found as extrachromosomal DNA in virustransformed cells (1) . Essentially the same phenomenon is observed with other tumor viruses such as Epstein-Barr virus (2, 3) and BK virus (4, 5) . During the search for naturally occurring plasmids, we discovered that an unusually high copy number (>5000 copies per cell) of covalently closed, circular DNA was present in the Hirt supernatant (28) from a subclone of mouse L cells. The plasmid, termed L factor, exists in two forms: type I (LF-I) [5. 3 kilobase pairs (kb)] and type II (LF-II) (5.5 kb). They are structurally identical except that LF-II has a 200-base-pair (bp) insert near the origin. Here we present structural characterization of this plasmid DNA.
MATERIALS AND METHODS
Cell and Cell Culture. Mouse B822 cells were cloned in this laboratory from mouse L(tk-) cells provided to us by T. Sekiguchi. Mouse L(tk-) cells were supplied by M. Obinata. L(tk-LT) cells were obtained after cotransfection of L(tk-) cells with pSVneo DNA and pLTR-pyLT DNA [polyoma large tumor (T) antigen DNA under the control of the Rous sarcoma virus long terminal repeat promoter]. The rat cell line TlAl has been described (6) . Cells were cultured in Eagle's minimal essential medium (MEM) supplemented with 10% (vol/vol) newborn calf serum.
Construction of Composite Plasmids. Plasmids LF-I or LF-II and pML2d (a derivative of pBR322) (7) were digested with BamHI and ligated to form pdLFI(Bam) or pdLFII-(Bam). When Sal I was used instead, pdLFI(Sal) and pdLFII(Sal) were constructed. A composite plasmid (ABS) was constructed by ligating the larger (3.8 (Fig. LA) . The molecular size of the DNA was =5300 bp. No concatomers were detected. By comparing the intensities of the DNA bands with those of the similarly sized simian virus 40 DNA in a titrating gel, we estimated the average copy number of total extrachromosomal, circular DNA per cell to be at least 5000 copies, considerably higher than that ofany ofthe known mammalian plasmids.
The copy number of the extrachromosomal DNA was relatively constant throughout the growth phase of the host $To whom reprint requests should be addressed.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" (Fig. 3, lane 4) . Bgi II treatment did not change the pattern of the original DNA (Fig. 3, lane 3) . Thus, there exist two kinds of extrachromosomal DNA, and they share common restric- tion sites with these enzymes (one by EcoRI and Sal I and two by HindIII). This was confirmed by DNA sequencing as will be described later. We designated these DNA as LF-I for the 5.3-kb DNA and LF-II for the 5.5-kb DNA. Although the ratio of LF-I/LF-II varied from one culture to another with the ratios from =5:1 to >10:1, LF-I was always the predominant species.
Structure of the Plasmids. We have constructed restriction DNA maps of LF-I and LF-II using the composite plasmids, pdLF-I and pdLF-II. These composite plasmids were constructed by inserting pML2d (2.65-kb plasmid derived from pBR322) into the single BamHI site of the L factors. As seen in Fig. 4 , the maps for the two DNAs are essentially identical except that the slower migrating LF-II contains 0.2 kb more DNA. Since we have found that they are quite similar, though not identical, to those of polyoma DNA, sequences of the total LF-I DNA and a portion of LF-II DNA were determined. Comparison of the DNA sequences of LF-I and LF-II with those of polyoma (10, 11) has elucidated DNA sequences that are specific for L factors. For example, while the sequences of LF-I and LF-II in the proximal region (Bcl I-Pvu II, nt 5021-5129 in polyoma) of the enhancer region are essentially the same as those of polyoma (12) (13) (14) , specific DNA sequences are inserted or substituted for those of polyoma at the distal part where the Pvu II fragment 4 of polyoma is located. In Fig. 5 , we compare the base sequences of LF-I and LF-II with those of the enhancer region of polyoma (13) . As seen in the figure, a 52-bp sequence (nts 5130-5181) of polyoma is replaced by a 22-bp sequence in LF-I and LF-II and 27 bp are inserted between nt 5208 and 5209 of polyoma in LF-I that is the exact repeat of the preceding 27-bp sequences. Seven nucleotides (nt 5220-5226 of polyoma) are missing in LF-I and -II, but in LF-II a long stretch of nt (total 237 bp) is inserted instead. Among these DNA sequences, two (nt 5130-5181 and nt 5220-5226) that are present in polyoma are missing or replaced in LF-I and LF-II, suggesting that the difference is related to the characteristics of L factors. It is noteworthy that the first 52-bp sequence (nt 5130-5181) includes the polyoma DNA sequence that specifically interacts with cellular regulatory factors (16) (17) (18) .
Besides the enhancer region, the DNA sequencing of LF-I and LF-II has shown substantial differences in DNA sequences of L factors from those of polyoma (10, 11 (19) (20) (21) . Immunoprecipitates were incubated with [y32P]ATP, and phosphorylated proteins were analyzed by gel electrophoresis. Fig. 6 shows patterns of phosphorylated material from B822 cells and control cells (TlAl) (6) that carry the early genes of polyoma integrated in the chromosome. After normalizing the amount of the extracts used, we estimated the level of middle-sized T antigen in B822 cells to be 2-3% of that in TlAl. This value would be even lower (<0.001% per copy) if one considers the copy number of L factors (=5000 copies per cell) in B822 cells. Fig. 7 shows the level of RNA that hybridized with polyoma DNA in B822 cells and in TlAl control cells. It is quite clear that the amount of early RNA hybridizable with polyoma DNA was also considerably less in B822 cells than that in the T1A1 control cells. Therefore, the low level of T antigen (-like material) in B822 cells apparently resulted from low transcriptional activity of the responsible genes.
These results raised the possibility that L factors replicate arid are maintained in B822 cells with a supply of extremely low-level T antigens (or related material). A series of DNA with all or a part of L-factor DNA corresponding to polyoma T antigen genes were constructed. L(tk-) cells and polyoma T antigen-producing cells, L(tk-LT), were transfected with these DNAs, and transient replication of plasmid DNA was assayed by Southern blot hybridization after digesting the DNA with specific restriction enzymes. As shown in Fig. 8 Similar transfection experiments were performed by transfecting L factor-carrying cells (B822) with these DNAs.
In contrast to the experiments with L(tk-LT) cells, only a very faint band was detected after transfection with DNA lacking a portion of large T antigen (AHX and AHS) DNA even after a long exposure (Fig. 8C) . These 
DISCUSSION
There have been a number of reports concerning derivatives of polyoma with altered base sequences at various regions including the enhancer region and the replication origin (24) (25) (26) (27) 
